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Abstract 
The traffic dynamics are very complex around the weaving section, which is a typical and primary bottleneck on urban 
expressway. Many simulation models have been established to investigate the dynamics and the operational capacity around the 
weaving section. However, those models mainly focus on the homogeneous condition, which is different from the real traffic 
condition. In fact, there are many slow vehicles, such as buses or trucks, with larger size and slower velocity. The mutual 
interference among different types of vehicles leads to much slower operational capacity comparison with that under 
homogeneous condition. This paper takes into account mixed traffic condition including small fast and large slow vehicles. The 
two kinds of vehicles are different in the maximum velocity and vehicle length. A cellular automata model is proposed to 
simulate the dynamics around the weaving section. Then the traffic dynamics and the operational capacity of weaving section are 
investigated by analyzing simulation results. The influencing factors considered in the simulation include the proportion of large 
slow vehicle, and the inflow rate of weaving vehicle. The simulation results show that, the larger the proportion of large slow 
vehicle, the lower the operational capacity. And the traffic flow fluctuates stochastically with larger proportion of large slow 
vehicle. Such results are meaningful to understand the traffic flow evolution mechanism around weaving section and helpful to 
design the traffic control methods.  
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1. Introduction 
Weaving sections commonly exist on expressway of urban road network. In the weaving sections ,the traffic is 
disordered because of the drivers need to change lanes, which results the capacity is lower than the capacity of 
regular roadway, and then the weaving sections become the bottleneck of the road system. At the same time, there 
are many slow buses which have large sizes and move slowly on the road, the efficiency in weaving area will be 
reduced severely when they change lanes. Analysis of the operation characteristics of weaving section under the 
situation of mixed traffic flow and then put forward the management and control scheme is meaningful to improve 
the efficiency of weaving section.  
The dynamics of traffic flow have been widely investigated by various models such as car-following models 
(Gipps, 1981), cellular automata models (Nagel and Schreckenberg, 1992), gas kinetic models (Treiber, et al., 1999). 
Among those models, cellular automata model has become an excellent tool for simulating real traffic flow after the 
NaSch model was proposed by Nagel and Schreckenberg (1992), because it’s efficient and fast performance when 
used in computer simulations. Besides the homogeneous traffic conditions that commonly investigated by traffic 
simulation models, the heterogonous traffic condition has also been adopted in simulation models to study the traffic 
flow dynamics. Chowdhury et al. (1997) firstly proposed a two-lane model considering the mixture of fast and slow 
vehicles.  Li et al. (2006) investigate the aggressive lane changing behavior in heterogonous traffic condition. Wang 
( 2008) proposed a mixed flow model composed of freight vehicles and small vehicles based on NaSch model, 
investigated the relationship among mixed traffic flow, average speed, and mixed proportion coefficient. Mu and 
Yamamoto (2012) proposed a cellular automata model to analysis the mixed traffic flow composed of conventional 
passenger cars and microcars.  
But as to traffic bottlenecks, previous traffic flow model mainly focus on the condition that the vehicles have the 
same performance or the same type on the road (Jia, et al., 2004, 2010; Jiang et al., 2002). As to the complex 
features of weaving section, the dynamics and the operational capacity of weaving section are usually investigated 
by simulation models. Several software have been developed to estimate the capacity of weaving section, such as 
WEAVSIM (Zarean and Nemeth, 1988), INTRAS (Skabardonis, et al., 1989), INTEGRATION (Stewart, et al., 
1996), FORSIM (Vermijs, 1998), etc. Now INTEGRATION has become a professional and useful tool for 
estimating the capacity of weaving section (Rakha and Zhang, 2006; Zhang and Rakha, 2009).  But the mixed traffic 
condition has not been considered in those softwares to investigate the capacity of weaving section.  
This paper takes into account the mix traffic with two types of vehicles, which are different in the maximum 
velocity and vehicle length. The first type is the large slow vehicles, for example buses and trucks, of which the 
vehicle length is long and the maximum velocity is low. And the other type is the small fast vehicles, for example 
private car, of which the vehicle length is short and the maximum velocity is high. A cellular automata model for 
weaving section, which takes into account the mixed traffic flow composed of the above two types, is proposed. In 
this paper, the large slow vehicles are defined as buses and the small fast vehicles are defined as cars. Then the 
simulations are carried out and the results are analyzed to show the complex traffic flow dynamic around weaving 
section.  
2. Model 
The schematic of the weaving section is shown in Fig. 1. In this weaving section, an on-ramp and an off-ramp are 
joined together by an auxiliary lane, which is adjacent with the main road. This kind of weaving section commonly 
exists on urban expressway. Here the main road contains two lanes (lanes 1 and 2) while the on-ramp and the off-
ramp have one lane. The drive-in vehicle, which comes from the on-ramp needs to drive into the main road. The exit 
vehicle on the main road must change to the auxiliary lane then drives out from the off-ramp. 
 








Fig. 1. The schematic of the weaving section  
 
In Fig. 1, the road has a length of L cells and the weaving section W has a length of LW cells. The vehicles in the 
weaving section are divided into straight vehicles, drive-in vehicles, and exit vehicles. All these three vehicle-types 
include buses and cars. The straight vehicles refer to the vehicles which come from the left edge of main road and 
leave away from the right edge of main road. The drive-in vehicles refer to the vehicles which come from the left 
edge of on-ramp and leave away from the right edge of main road. The exit vehicles refer to the vehicles which 
come from the left edge of main road and leave away from the right edge of off-ramp. 
As to the exit vehicles, they should obey the first in first out rule (FIFO). That means the exit vehicle, which first 
enters into the weaving section, will first changes into auxiliary lane then drives into the off-ramp and leaves away 
from the main road. FIFO can be guaranteed by regulating the exit vehicles on lane 1, which must change to lane 2 
before driving into the weaving section W. This can effectively avoid the vehicles mutual interference in weaving 
section W. At the same time, the regulation is consistent with the actual traffic phenomenon. In order to apply the 
regulation, a special lane changing area Section A, which is just at the upstream of the section W and has a length of 
LA, is defined. 
In the weaving section, the driving rules separately for each lane are as follows:  
Lane 1 is the fast lane. According to <the Implementation of the Law of the People's Republic of China on Road 
Traffic Safety of Beijing>’s thirty-fourth article: buses shall not drive in the fast lane, unless beyond the front 
vehicles. So the buses can only change lane in the lane 1, cannot occupy the inside lane in a long time. The exit 
vehicles must change to lane 2 before the right edge of the area of A. 
Lane 2 is the mixed traffic lane of buses and cars. The straight vehicles on the main road are not allowed to 
change to the auxiliary lane. The exit vehicles must change to the auxiliary lane before the right edge of weaving 
section. To avoid the gridlock that both the exit vehicles and the drive-in vehicles reach the right edge of weaving 
section W but have not completed the lane-changing, it is assumed that the exit vehicle is not allowed to enter into 
the last 2l cells at the right end of section W 
The drive-in vehicles on the auxiliary lane must change to the main road before the right edge of weaving section 
W. 
In simulation, each time step needs to accomplish two sub-steps: lane changing and moving forward. In the first 
sub-step, the vehicles in the system change lanes according to the rules that meet the overtaking principle and the 
security principle. In the second sub-step, the vehicles update the velocity and position in parallel according to the 
evolution rules of NaSch model (Nagel and Schreckenberg, 1992). 
 Based on the motivation of lane-changing, the lane-changing rules can be classified into discretionary and 
mandatory. Discretionary lane changing means the driving conditions of the other lane is better than the driving lane 
and the driver wishes to move from a slower lane to a fast moving one. Mandatory lane changing arises due to the 
vehicle must change lanes can only arrive at the destination. 
In the main road except weaving section, cars can change lanes discretionarily, and the following symmetric rule 
proposed by Chowdhury et al. (1997) is adopted: 
 
dn<min(vn+1,vmax), dn,other>dn, and dn,back>vmax                                                                            (1) 
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Here dn denotes the number of empty cells in front of the nth vehicle. dn,other, dn,back denote the number of free 
cells between the nth vehicle and its two neighbour vehicles on the other lane. dn<min(vn+1,vmax), dn,other>dn, is the 
incentive criterion and dn,back>vmax is the security criterion 
The exit vehicles and the drive-in vehicles in the weaving section, the exit vehicles in section A and the buses in 
the fast lane adopt the mandatory lane changing rule as follows: 
 
dn,other≥l, dn,back≥max(0,vn,back).                                                         (2) 
 
Here l is the length of vehicle, for car, l= lcar, and for bus, l= lbus; vn,back is the velocity of the vehicle behind on the 
destination lane. It means that the vehicle will change lanes as long as the conditions on the desired lane are better 
for driving and the gap to the following vehicle is large enough. 
The open boundary condition is adopted in the simulation. The vehicles enter the system from left boundary, 
leave away from the right boundary. In each time step, detect the last vehicle’s position xlast. If xlast >vmax+l, namely 
there is no vehicle in the vehicle entering region, then put a vehicle in the position of min (xlast- vmax_car-lcar , 
vmax_car+lcar) with certain probability. If the location of the vehicle exceeds the system’s right boundary, remove the 
vehicle. A vehicle enters into the two lanes of the main road (on-ramp) with probability a1 (a2). As to the vehicle 
entering into the main road, it is set as an exit one with probability poff which stands for the percentage of the exit 
vehicle. 
Let r denotes the proportion of buses, which equals to the number of buses divided by the total number of 
vehicles. Its range is 0≤r≤1. According to the traffic survey, r is usually lower than 0.6. But in order to fully 
investigate the influence of the large slow vehicle on traffic flow dynamic around weaving section, the extreme 
cases, r=0 and 1, are also studied.  
Note that the cellular automata model for weaving section above is just an extension of the previous model by Jia 
et al. (2010). Here, two types of vehicles, bus and car, are introduced to investigated the heterogeneous traffic flow. 
As we know that heterogeneous is more realistic and the new model is more meaningful to real traffic simulation. 
3. Simulation Result 
In the simulation, the road will be regarded as a discrete lattice chain whose length is L. The actual length of each 
cell corresponds to 2.5 m. The model parameters L=6000, LA =30, LW =60, lbus =6, lcar =3, vmax_bus =9, vmax_car =15, 
the randomization probability p=0.1. 
As we know the weaving section is a typical bottleneck. Congestion may happen upstream the weaving section, 
while free flow always exists downstream the weaving section. So we just focus on the traffic states upstream the 
weaving section. In order to obtain the traffic flow data, virtual detectors are set up on each lane at the left boundary 
of section A. The total flow is equal to the flow of the main road and the on-ramp. The total simulation time steps 
are 20000, the first 10000 time steps are discarded to let the transient time die out. The data for statistical analysis 
are obtained in the last 10000 time steps. 
The flow on each lane in weaving section under the conditions of mixed traffic flow is mainly depended on the 
four values: the probability of a vehicle can enter into the two lanes of the main road a1, the probability of a vehicle 
can enter into the on-ramp a2, the percentage of the exit vehicle poff, and the proportion of buses r. Now the 
influences of the proportion of buses and the percentage of the exit vehicle on weaving section system are discussed 
in the following subsections. 
3.1. Effect of r on the weaving section 
In this subsection, it mainly analyzes the influence of r on the traffic flow dynamics around weaving section. The 
phase diagrams in with different poff and r are shown in Fig. 2.  
Fig. 2 shows the phase diagram in the space of (a1, a2) with fixed poff   and different r. Here poff =0.2 is used and r 
can be 0.0, 0.2, and 0.5.  The phase diagram is categorized into five regions. in regionĉ, the traffic flow is free on 
the main road, while it reaches the maximum value on the on-ramp; in region Ċ,the traffic flow is free on the main 
road and it is congested on the on-ramp; in region ċ, the traffic flow on both the main road and the on-ramp are 
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congested; in region Č, the traffic flow on both the main road and the on-ramp are free; in region č, the traffic flow 
reaches the maximum value on the main road, while it is free on the on-ramp. 
 

Fig. 2. Phase diagrams in (a1, a2) space with different r while poff=0.2 
 
From Fig. 2, one can see the free flow region of main road and on-ramp decreases obviously while the crowded 
region is growing with the increase of the proportion of buses. And region I disappears while r=0.5, it means the on-
ramp cannot reach the maximum flow. This shows that the larger the proportion of buses, the easier the weaving 
section achieves the congestion state. Large proportion of buses is surely brings more disturbance to the weaving 
section. The main reasons may be that 1) the slow moving speed of bus block the following fast cars; 2) the large 
size of bus reduce the chance of mandatory lane changing as to more space is needed for bus. 
Fig. 3 shows the total flow as a function of a1 with different r when a2=0.2 and poff =0.2. When the on-ramp flow 
is free, with the increase of a1, the total flow gradually increases at first, and finally reaches the saturated flow then 
remained unchanged. The reason is that when a1 is small, the vehicles in weaving section are in free flow state, 
along with the increase of a1, the weaving section is filled up at a certain extent and it makes the road space be used 
more effective. But when a1 continues to increase, the total flow reaches the maximum value and the vehicles reach 
the saturated state. With the increase of r, the saturated flow of weaving section decreases, the critical value of a1 
which corresponds to the saturated flow reached also decreases. 

Fig. 3. The total flow as a function of a1 with different r while a2=0.2, poff =0.2 
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
Fig. 4. The total flow as a function of a2 with different r while a1=0.2, poff =0.2 
 
Fig. 4 is the total flow depended on a2 with different r when a1=0.2 and poff =0.2. It can be seen that, when the 
main road is in the free flow state (a1=0.2), with the increasing of a2, the total flow gradually increases to saturation 
flow and with the increasing of r, the saturation flow decreases gradually. When r is larger, the total flow increases 
and reaches a maximum value firstly, then declines to the saturation. When the main road is in free flow state, the 
headway between the vehicles is large. With the on-ramp flow increasing, the free space on the main road is 
supplemented and the total flow increases gradually. But when the on-ramp flow increases to a certain extent, the 
on-ramp changes from free flow state to congestion. The vehicles accumulate before the entrance line adjacent to the 
main road and the on-ramp flow achieves maximum value. With the increase of r, the critical value of a2 which 
corresponds to the maximum flow reached also decreases. 
Fig. 5 shows the total flow as a function of a1 and a2 with fixed poff =0.2 and different r=0.0, 0.2, 0.5. As can be 
seen from the figure, the maximum of total flow reduces with the increase of r. When r=0, there are only cars, the 
saturated flux is very stable. However, as r increases, the saturated flux fluctuates and becomes unstable. The 
existence of buses not only reduces the saturated flow but also brings uncertainties into the system.   
3.2. Effect of poff on the weaving section.                       
In this subsection, the influence of poff   on the weaving section will be analyzed. The phase diagram in the space 
of (a2, poff ) is plotted to show the traffic states under different parameters. 
Fig. 6 is the phase diagram in (a2, poff) space with fixed a1=0.2 and different r=0.0, 0.2, and 0.5. The phase 
diagram is categorized into two regions, region Ċ and Č. The meaning of the two regions is the same as that in Fig. 
2. When a1=0.2, the vehicles entering into the main road are fewer and the main road is in the free flow state. With 
the increase of a2, the traffic flow on the on-ramp changes from free flow to congestion. And as the proportion of 
buses becomes larger, region IV shrinks and region II enlarges. That is to say, the traffic condition of on-ramp is 
deteriorated and becomes congested with small vehicle entering probability a2. 
Fig. 7 shows the total flow as a function of poff   with different r when a1=0.4 and a2=0.2. It can be seen from Fig. 
7, along with the increase of poff, the total flow decreases. More exit vehicle brings more disturbances into the 
weaving section, so the total flow is reduced.  Furthermore, the larger the proportion of buses is, the lower the total 
flow.   
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(a) r=0.0                                                               (b) r=0.2 
 
(c) r=0.5 
Fig. 5. The total flow as a function of a1 and a2 with different r 
 

Fig. 6. Phase diagrams in (a2, poff ) space while a1=0.2 with different r 
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
Fig. 7. Diagram of poff and the total flow with different r while a1=0.4ˈ a2=0.2.  
4. Conclusion 
Mixed traffic flow commonly exists in traffic system, and it constrains the capacity of the system especially in 
weaving section. The large slow vehicles, such as bus and truck, have serious effect on the bottleneck traffic flow. In 
this paper, the traffic flow around weaving section under heterogeneous condition is simulated by using the cellular 
automata model. The heterogeneous traffic flow contains small fast vehicle and large slow vehicle.  The influences 
of the proportion of large slow vehicle on the dynamics of traffic are mainly investigated by mass simulation.  
 The results show that, the saturated flux of weaving section will decrease as the proportion of buses increases, 
and there will be more fluctuations when the proportion of buses is large. The saturated flux of weaving section will 
also be reduced with large on-ramp vehicle entering probability and exit vehicle probability. The saturated flux 
reduction is caused by the growing disturbance caused by weaving vehicle and large slow vehicle.  Based on the 
results obtained in this paper, effective traffic control strategies for weaving section should pursue on eliminating the 
weaving traffic disturbance and separating the large slow vehicle. 
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